As the number of available Open Source Software (OSS) and the interest they attract are increasing, numerous product attributes are provided to developers and users for evaluating the quality and success of an OSS. Accordingly, various articles in the literature assess the quality and success of OSS, by using different quality attributes and metrics and different approaches. Though this variety can be considered as a positive indicator of research interest and maturation on one side, it creates a kind of jungle in defining and understanding the terms 'quality' and 'success' on the other side. Based on this challenge, in this study, we targeted a systematic mapping (SM) of the articles on quality and success of OSS. More than 474 articles have appeared in this area between the years 2002 and 2017, and the final pool of 128 articles is obtained by defining and applying inclusion and exclusion criteria. SM was employed to develop a classification scheme and categorized the existing body of articles with respect to five research questions (RQs) on: contribution and research types, quality criteria and metrics, success criteria and metrics, the relation of quality and success, and demographics. We observed that the majority of the articles assess the concept of quality as 'code quality', whereas the concept of success is mostly perceived as 'market success' and/or 'developer activity'. Moreover, the metrics of 'contributing developers/users', and the quality attribute of 'functionality' are the quality criteria most employed in the assessment of success.
INTRODUCTION
Open source software (OSS) are defined as the software where users have the freedom to access the source code, use it as they deem appropriate, modify it, and develop and distribute derived works [1] . Users seeking software with no license restrictions, the emergence of Internet as a medium and facilitator of collaborative software development, and philosophical movements that reject the idea of software ownership have given rise to the popularity of OSS [2] . Additionally, the fact that in recent years most users perceive OSS as being high quality, reliable and secure has contributed to this interest. However, determining the appropriate OSS to use within a plethora of alternatives is a challenging process. Choosing the wrong software product may lead to financial losses, schedule overruns and loss of corporate respect and competitiveness. In this regard, the selection of successful and high-quality software is vital for improving the efficiency of the staff and providing better service to customers. For the stated reasons, it has been observed that organizations show willingness to employ OSS within their corporate structures, yet the selection of high quality and successful OSS is an important process that needs to be addressed separately [3, 4] .
Defining and evaluating the concepts of 'quality' and 'success' of software products, and more specifically that of OSS, is a research subject that has been studied and debated for many years and numerous articles have been published [5, 6, 7 ]. An important challenge in terms of OSS is that the source code and various information of the development phase (e.g. the number of versions, changes, and developers) are available in different databases and these can be used in many ways to assess the quality and success of the OSS. Therefore, there is a perplexity in the existing literature with respect to these two terms, and perceiving a high-quality software as successful or vice versa may mislead users.
With respect to the aforementioned problem, this research aims to systematically classify and map the articles in the literature that address the existence, nature and establishment of the relationship between the quality and the success of OSS, thus providing an overview of the subject. A 'systematic map' in the software engineering domain is obtained by following a defined method [8] to construct the relevant research area and create a classification scheme. The method typically gives a visual overview or map of the results of the literature survey conducted on primary articles that propose or apply a new method or technology, and this map provides a practical basis for monitoring areas open to research.
According to these definitions, six academic search engines have been used (as shown in Figure 1 ) to survey the literature and determine the primary articles for a systematic mapping (SM) of the relationship between 'quality' and 'success' of OSS. The research items obtained from the survey were examined in detail for pre-specified inclusion and exclusion criteria and 128 primary articles were added to the final research pool. These articles were examined and classified with respect to several perspectives such as research base, quality criteria and metrics, success definition and metrics employed, and so on.
The rest of this article is organized as follows: Section II gives a recap of the secondary articles in this area. Section III presents the research method and questions, and details the article selection process and systematic map (classification scheme) based on data extracted from the primary articles. In Section IV, the answers to research questions are given and the findings are explained. In Section V, SM results are summarized and discussed, and validity threats are addressed. Finally, Section VI gives overall conclusions.
II. RELATED WORK
There are few previous secondary articles published on this topic. Having ours in the last line, TABLE I. summarizes them with respect to research aim, research method adopted and the number of primary articles included. It is seen that some articles aim to measure the quality of OSS and some to measure the success. In the present study, SM was conducted to investigate definitions of the terms and show any relation between 'quality' and 'success' of OSS.
To the best of our knowledge, this is the first secondary study that explores OSS quality and success jointly, and the relationship between them. In our view, exploring such a relationship is especially important to acknowledge, target, and monitor it throughout the lifetime of OSS products. 
INFORMATION ON SECONDARY ARTICLES

Ref.
Research Aim Res.Method/ # Pr.Articles [9] Evaluates how organizations adopt OSS, classifies the literature according to the ways in which it adopts OSS, and evaluates the research on the adoption of OSS in institutions by focusing on software development.
Systematic
Literature Review / 112 [10] Examines the characteristics of six existing OSS quality models, with their strengths and limitations.
Literature
Review / Not specified [2] Analyzes the factors that lead to the success of OSS with a historical perspective on research and literature.
Review / Not specified [11] Guides the formulation and development of new models by classifying the features of the existing OSS quality assessment models according to their quality characteristics, the methodology they use for evaluation and their application areas.
Systematic
Literature Review / 211 [12] Analyzes the methods used in the literature to measure the success, and the factors affecting the success of OSS.
Literature Review / 32
This study
Classifies and maps the articles in the literature regarding the existence and the relationship between OSS quality and success.
Systematic Mapping / 128
III. RESEARCH METHOD
An SM study was targeted to select the articles to review, develop a classification scheme, and perform the classification (mapping) within the scope of related literature. Along with a guide article by Petersen et al. [8] on SM articles in software engineering, the research steps in evidence-based software engineering approach by Kitchenham et al. [13] were adopted.
A. Aim and Research Questions
With an aim to cope with the challenge of defining and understanding 'quality' and 'success' in OSS, we raised the research questions (RQs) in TABLE II.
B. Overview of the Mapping Process
While carrying out this SM process, the following steps were adopted from [8] [13] and followed: First, RQs and then search queries were defined. Next, we made a search for the related articles and extracted keywords from these articles. Finally, data summarization and mapping were conducted. The process underlying this SM consists of three main stages, namely article selection (Section III.C), development of SM (Section III.E), and classification of articles and deriving the results of SM (Section IV), as summarized in Figure 1 .
C. Article Selection 1) Source Selection and Search Keywords
After defining the RQs, search keywords were determined to access the related articles, and searches were conducted in six online academic search engines using these search words. Articles were respectively included in the pool according to their headings, then summaries, and finally their contents. The keywords used in searches are grouped as follows:
("quality") AND ("open source software" OR "OSS") AND (("success") OR ("evaluation") OR ("assessment"))
The search was executed with the above keywords by the four authors of this study. Each of the first three authors searched using two different search engines. Then the fourth author executed a final search to ensure that the article pool is complete. The first author conducted the search in IEEE Explore and the ACM Digital Library, the second author in Elsevier (Science Direct & Scopus & Compendex) and Springer, and the third author in Web of Science databases. The fourth author conducted a final search from Google Scholar with the same keywords. The article pools were merged and duplicate articles were removed from the pool, resulting in a total of 474 articles in the article pool.
2) Inclusion / Exclusion Criteria
The articles were evaluated according to the inclusion/ exclusion criteria. The inclusion criteria considered in this study are as follows:
• The article is about OSS, • The article contains both terms of quality and success, • The article is published in a journal, conference or workshop, • The article is written in English and accessible as full text, • The article is directly relevant to the scope, • The study is a primary study (secondary articles such as SM and SLR are excluded). Each author applied inclusion/exclusion criteria to approximately 120 articles, extracted data from more than 30 articles, and voted "1" (include) or "0" (exclude) for each study. The articles which did not receive at least 3 include votes in total, were excluded. The title, summary and keywords of each article were considered while voting. If sufficient information could not be reached from these sources, a more in-depth assessment was carried out. In the articles where the researchers could not reach a common decision, an evaluation was made by holding discussions among the researchers. As a result of the voting step, the final pool was reduced from 474 to 128 articles.
D. Final Pool and Online Repository (Replication Package)
Readers can refer to [15] for a complete reference list of the 128 primary works, and to [16] for data extraction details of the articles in the pool. Articles given in the results in Section IV are available in the latter, together with the classification of each selected article according to the classification scheme defined in Section III.E.
E. Classification Scheme
Our final classification scheme, which consists of grouping the characteristics of the aforementioned steps, is given in TABLE III. The "RQ" column refers to the RQs that the attributes and definitions are related. The second column is the corresponding attribute/property whereas the third column is a set of all possible values for the attributes. The map was developed iteratively during data extraction.
IV. SYSTEMATIC MAPPING OF THE RESULTS
A. RQ 1. Mapping of Articles by Research Base 1) RQ 1.1. Mapping by Contribution Type: How many articles have presented a new method, technique, tool, etc.?
TABLE IV. presents the distribution of the 128 primary articles included in the article pool, by type of contribution. According to the table, 50 articles contribute to the empirical (case) study, followed by 36 articles with method/technique/ approach. Some articles are classified under more than one contribution. For example, in study [K27], both model and metric contributions are given. The authors establish a product quality model and a market success model based on various quality characteristics. In terms of product quality; complexity, dependency, cohesion and size are evaluated and in terms of market success; user satisfaction and market penetration metrics were used. They also suggest a new metric called Success Index with the metrics of number of downloads and user ratings. The distribution of the same articles by year is given in Figure 2 with respect to the type of research method. While there are solution proposals as research methods in the early years, it is observed that there is a trend towards the recent years for solution proposals (again), weak experimental articles and strong experimental articles. 
Mapping by Quality Criteria: What quality criteria are used in OSS projects subject to the articles?
A number of quality attributes (e.g. understandability, security, portability, reliability, and efficiency) have been proposed to measure quality in software engineering [15, 16] . Code quality metrics apply particularly to OSS as the code is open to access. Accordingly, numerous articles have already done various investigations in this dimension. For example, [K20] suggests that OSS is generally of good quality.
[K39] provides an analytical model that suggests factors that contribute to code quality, such as the number of developers, the contribution, and the mix of skill levels. Figure 3 shows the distribution of quality definitions given in the articles.
2) RQ 2.2. Mapping by Quality Attributes: What quality attributes (with respect to ISO/IEC 25010) are used to evaluate the quality of OSS projects?
Classification is carried out on nine categories based on the ISO/IEC 25010 quality standard [19] . The quality characteristics of eight categories are included in the classification together with their sub-attributes. The 9 th category (other) includes metrics that fall outside these eight quality classes and subclasses. According to TABLE VI. , 63 articles measure the quality class of Functional suitability, followed by 48 articles with Maintainability quality attribute. It is also possible for an article to assess the quality of OSS by measuring multiple quality attributes. Compatibility, included in 15 articles, is the least used quality attribute. In addition, 44 articles made measurements apart from the ISO/IEC 25010 quality model. The answer to the question of what is the success of OSS can be considered as subjective because it differs among researches. Many metrics have been proposed in the literature for this. Some researchers have associated success with external (community-based) attributes of the product, some with internal (code-based) attributes, and others with different perspectives. Based on our review, we tried to answer this RQ by classifying the articles into five categories. Figure 4 shows the graphical result of the success criteria mapped for the articles. While 49 of 128 articles included in our pool analyze success as 'market success', 20 articles associate success with 'quality' and 15 articles identify success as 'meeting the needs/requirements of organizations'. In addition, 45 articles in the category of 'developer activity' associate success with number of developers, contribution of developers/users and communication between developers. The adaptation of OSS into its context used in companies is also a success criterion, with 7 articles examining this aspect. 
Mapping by Success Metrics: What classes of metrics are used to evaluate the success of OSS projects?
The purpose of this RQ is to classify the metrics used in measuring the success of OSS. In the light of researches made, many metrics have been obtained and classified under eight categories as shown in TABLE VII.
According to the classification results, 85 articles measure the success of OSS as the 'size of contributors', followed by 78 articles each with 'product properties' and 'development progress' categories. Also, 64 articles use metrics related to 'software use' in measuring OSS success and 57 articles measure success based on metrics related to 'service quality'.
D. RQ 4. Mapping of articles by Relation of Quality and Success 1) RQ 4.1. Is there a relation between quality criteria and success criteria used to evaluate OSS in the articles?
Of the 128 articles included in the pool, 37 articles report positive or negative relationships between different success criteria, as shown TABLE VIII. While these relationships are sometimes supported by hypotheses and statistical analysis, in other cases they are based on observations only. Since there was no study questioning this relationship explicitly in the study design (by research aim and questions), this relationship was drawn from the analysis of the authors. The words that the researchers used to interpret this relationship were observed and the most frequently used words are identified as user satisfaction, support, developer activity, number of developers and code quality. For example, in article [K81], it is mentioned that software quality and community service quality affect user satisfaction with 54%. In the same article, it is concluded that software quality and user satisfaction affect the use rate of OSS with 28%. As shown in TABLE IX. , the applications used in the investigated articles are classified under two headings, namely 'academic/experimental' and 'OSS actively in use'. Accordingly, 16 of these articles use the software they developed for academic/experimental purposes and 92 of them mention about 'OSS actively in use'. In addition, the numbers of software used with respect to research types of the articles are given in Figure 5 . 
. What is the distribution of publications with respect to years?
OSS stands for a radical shift from the traditional software-engineering practice, and a new and revolutionary way of software development by 2000s. So, we decided to map studies range between 2002-2017 that converges last 15 years studies [20] . Distribution of articles by years is given in Figure 6 . According to the results between 2002 and 2017, with the increase of interest in OSS, we observe that the articles examining the relationship between success and quality in OSS have emerged and from 2006 onwards, there has been an increasing trend towards this research subject.
3) RQ 5.3. What is the distribution of articles with respect to publication types?
According to the publication types, it is observed that 73 articles (57.0%) were published in a conference, 51 (39.8%) in a journal, 3 (2.3%) in a symposium, and 1 (0.8%) as a technical report. It is interesting that there is no article published as a book chapter.
4) RQ 5.4. What is the distribution of articles with respect to author affiliation types?
According to the analysis of the academic, industry or business associations of the articles it is found that 108 articles (84.4%) were carried out with academia, 4 studies (3.1%) within industry and 16 studies (12.5%) with academia-industry cooperation. The results show that the interest towards OSS quality and success is more in the field of academy compared to industry.
5) RQ 5.5. What is the distribution of articles with respect to citation numbers in years?
This RQ aims to examine the citation characteristics of the articles. In Figure 7 , the normalized citation numbers (NCN) are given by years. Normalization is performed as follows: 
V. SUMMARY OF THE FINDINGS AND DISCUSSION
A. Summary of Findings
Our answer to RQ1.1 indicates that the majority of the articles contribute experimental (case) study to deal with evaluating the quality and success of OSS. There are a similar number of articles that contribute new methods / techniques and very small number of articles that introduce tools. The lack of tool development can be interpreted as a lack of agreement on a concrete method for measuring the relationship between the success and quality of OSS. Response to RQ1.2 supports that of RQ.1.1. a large number of articles are classified as solution proposals. There are relatively less articles with strong empirical base, indicating the relatively low research rigor in this area.
Based on RQ2.1, we categorized the types of quality criteria discussed in articles as: (1) code quality, (2) OSS community, (3) popularity, (4) organization friendliness, (5) bug tracking, and (6) viability of project. The results reveal that OSS quality is mostly regarded as code quality and OSS community follows code quality closely. Selected articles show that code quality is becoming increasingly important. Standards will be further developed in terms of code quality. As a result, the market share of code quality tools will gradually increase. While answering RQ.2.2, we looked at which quality attributes are used to evaluate the quality of OSS projects. Based on the quality attributes in ISO/IEC 25010, we classified articles' quality evaluation criteria. Functionality and the maintainability are the most used quality attributes in articles.
Regarding RQ3.1, we categorized the types of the success criteria discussed in articles into: (1) market success, (2) developer activity, (3) quality, (4) organization friendliness and (5) adaptation. The results show that the success of OSS is actually considered to be market success in the vast majority of articles. It is worth to note that developer activity is almost as much used as the market success. This result is also supported by our response to RQ.3.2, where the majority of the success metrics used in the articles include the size of contributors. The product properties and development process are among the metric categories used when evaluating the OSS success.
With RQ4.1 we tried to answer whether there is a relationship between quality criteria and success criteria. In most articles, there is no concrete and clear evidence to the relationship between quality and success criteria. The relationships in the articles are sometimes supported by a hypothesis, while in some cases they are based solely on the researchers' observations. Due to the difficulty of the relationship extraction, the data that the authors interpreted as their relationship were collected and the frequencies were calculated. Accordingly, user satisfaction, developer activity, number of developers, usability, and code quality are the most frequently used words.
The answer to RQ5.1 shows that the software investigated in the articles may be of different numbers and LOC sizes, generally their application characteristics are not known, yet, in majority they are 'OSS actively in use'. An interesting observation is that few articles have examined mobile OSS in their experiments to validate their proposals. The response to RQ5.2 indicates that with respect to years, the number of articles has changed irregularly, but it is observed that there is an increasing trend in recent years. Regarding RQ5.3 and 5.4 respectively, most of the articles in the pool are published in conferences and authors are generally from the academia. Since the numbers of citations are relatively higher within 2006 and 2010, it is inferred that the foundations of the works have been laid in these years.
B. Implications of the Findings
The mapping of 128 studies in this paper provides an overview of the studies in this field and highlights shortcomings and opportunities for researchers and practitioners.
As discussed in Section IV.D, there is no concrete relationship set between quality and success criteria of OSS in the reviewed papers. The lack of studies examining the relationship between quality and success criteria and metrics should encourage the researchers to conduct further studies in this context. In addition, there is no satisfactory number of studies in the contribution types of model, metric or tool, and it is observed that there is an evident necessity to fill the gap for these types. Since measuring the success or quality is a challenging task, especially tool contribution is quite minimal. This may lead practitioners to collaborate with researchers in order to clarify terminology, identify metrics, and develop tools that are capable of meeting this need.
Finally, as discussed in Section IV.B, the OSS community has been far below regarding 'code quality' as a quality criterion. However, software tools for team collaboration are becoming increasingly important in the OSS world, and this may motivate an interest increase in total quality in the community.
C. Threats to Validity
The results of an SM study may be affected by various factors like researcher bias, selected academic databases, the search keywords and the pool of primary articles. We discuss below the potential threats to validity of this study [21] .
1) Internal Validity & Construct Validity
In Section III.C.1, we presented a detailed explanation on the search keywords and the academic search databases used. The search words are derived systematically to obtain the research topic as comprehensive as possible. The different terms for the relationship between success and quality in OSS could have been used in alternative combinations. Therefore, some search keywords may be missing or the number of articles found may be affected by alternative search words.
The inclusion and exclusion criteria are discussed in Section III.C.2. The decision on which articles to include in the final pool is determined by a group decision of the researchers carrying out this SM study. A systematic voting process was adopted by the authors in order to decide whether to include articles in the first iteration of building the pool. This process was also carried out to minimize the personal prejudices and subjective thought differences of each author. In order to minimize the impact of the subjective evaluation differences of the researchers, a paired evaluation was made in the decision process of the articles to be included. When the authors of the study had difficulty in reaching a common opinion, discussions were made until an agreement was reached and a third evaluator participated in the paired evaluation. If a similar SM study is carried out, it is our belief that the findings will have a high degree of similarity even though a slight deviation may exist in the article pool.
After the classification scheme was developed as explained in Section III.E, the articles in the pool were sorted according to the scheme, i.e., the actual data extraction took place. The article pool was shared among the authors. Each researcher first extracted data by mapping the articles independently. Then, a systematic review process was carried out in which the data and qualifications obtained by each researcher were cross-checked by another researcher. In the case of differences in views, discussions were held between the two to solve the conflicts, and finally the opinion of the third researcher was taken. These cross-checks and control of the third investigator helped the team to extract data and perform the evaluation reliably. These controls mitigate some of the threats to build up the validity of the work.
While searching for answers to RQ.2 and RQ.3, the quality and success criteria which are directly mentioned in the article were used; but the opinion of the evaluators was effective in answering RQ4 since there is no previous study specifically designed to explore the relation between quality and success. In addition, regarding RQ5.1, it should be noted that there are cases where the number of projects used in the article is not clearly stated by its authors, or that the article contains conflicting numbers.
2) Conclusion Validity & External Validity
For conclusion validity, it is important that the SM study presents results that are directly traceable to the data, are carefully extracted from primary articles and can be reproduced by other researchers. In order to validate the outcome of our study, the graphs and tables generated directly from the extracted data are presented in sections IV and V, and the observations and the trends of the data are discussed in these sections. This provides a high degree of traceability between the data and results for the readers. In addition, mapping data is presented in the form of an online repository [16] for the study of other researchers.
To address external validity, the results of the SM study were evaluated according to the well-founded approaches of software engineering. Accordingly, the classification map, data and results obtained are valid only in the context of 'OSS quality and success'. The classification scheme presented in this study may serve as a starting point for future researches. Finally, the study is considered to be reproducible due to the systematic procedure that was followed in the mapping.
VI. CONCLUSION
Exploring the concepts of quality and success and the relationship between them is important to select the best OSS products for specific user needs as well as to target and monitor them in the lifetime of OSS products. This study presents a systematic mapping of the articles, published between 2002 and 2017, that assess the quality and success of OSS. Through this study, readers are presented with a general view of which quality and success criteria and related metrics are used in assessment, what characteristics of OSS are included in this assessment, and if a relationship is established between OSS quality and success. Therefore, it can be expected that this study will guide software users by increasing their awareness for selecting high quality and successful OSS, and the researchers for investigating further relationships in the related context.
As observed in the study, code quality is seen as the most important criterion for measuring quality. On the other hand, market success and developer activity seem to be the most important criteria for measuring success. Therefore, in future, researchers have to study how code quality may be used to measure software success, or how market success and developer activity may be used to measure software quality. Only then, it might be possible to talk about significant relationship between OSS success and quality. As a future work, this relationship will be reviewed in-depth with respect to RQ4 in order to expand the information gathered by this SM study and elicit further insights.
